With the proceedings in the genome study in rubber tree, more and more data were produced. However, these data are still deposited in public databases as raw format, and the utilization of these NGS data is hindered for the researchers in rubber tree community. HeveaDB was therefore constructed and maintained under the organization of International Rubber Research and Development Board. The HeveaDB 1.0 (http://hevea.catas.cn) mainly stores 4 versions of Hevea draft genome, 99 NGS transcriptomes, 18451annotated EST sequences, 12 curated gene families, 30200 gene annotations, 5049 wild germplasm phenotype data, and 18328 Wickham rubber clonal information. Several bioinformatic tools are integrated in the database to facilitate the utilization of the data for the users who are not skilled in bioinformatics.
The Para rubber tree (Hevea brasiliensis) is an economically important tropical tree species that produces natural rubber, an essential industrial raw material. Though more than 2000 plant species can produce nature rubber, the rubber trees produce more than 98% of the nature rubber in the world [1] . Now rubber trees are widely planted in the tropical regions of South Asia and Africa, and the produced rubber is one of the major incomes of the small holding farmers in these countries. The Hevea genus has about 10 members, all of them are exclusively originated in tropical South America. In 1886, Henry Alexander Wickham collected over 70 000 rubber tree seeds from the central Amazon basin, and send back to the Kew garden, London. About 2300 rubber seedlings was obtained from these seeds. The bulk of seedlings were dispatched to Henarathgoda, Ceylon. Then 22 plants were transported to Singapore in 1877. Thirteen of them went to Kuala Kangsar and nine retained at Singapore Botany Garden. The modern rubber clones are almost all descended from these trees, and they therefore are denoted as Wickham germplasm.
With the proceedings in rubber breeding programs, the yield of rubber tree clones increased substantially. However, due to the long-life cycle, the rubber tree breeding programs takes about thirty years [2] , which makes the rubber clone improvement rather difficult. Recent progresses in genomics may accelerate the crop breeding program through the promising genome selection technique [3] , in which genome-wide markers are used to predict the breeding value of individuals in a breeding population. However, this technique requires the advances on genetics and genomics. Recent progress in next-generation sequencing technique greatly promoted the genomic study in rubber tree [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . At current stage, 4 versions of draft genome in rubber trees were compiled [14] [15] [16] [17] and more than 100 NGS transcriptomic data were produced [18] [19] [20] [21] [22] [23] [24] [25] . However, these data are still deposited in NCBI and other public database in raw format, which hindered the NGS data utilization for the scientists in rubber tree community. Besides, huge amount of phenotypic data were produced from rubber tree clones and wild germplasms [26, 27] . These data need to be stored and mined in a comprehensive data hub. Considering the present needs in the rubber community, the International Rubber Research and Development Board (IRRDB) decided to construct an integrative genome hub in 2017 International Rubber Conference (Jakarta), which would be used to store the Hevea draft genomes, germplasm genome re-sequencing data, clone genome variation data, transcriptomic data, proteomic data, and phenotype data etc., and to provide a platform for data archiving, distribution and utilization in rubber tree community. The HeveaDB 1.0 database (http://hevea.catas.cn) was therefore constructed and provided online data access.
Methods

Genome data collection and annotation
Basically, two types of rubber tree data were deposited in the HeveaDB: nucleic acid and clonal information data. So far, 4 versions of genome drafts were published in rubber tree, among which the CATAS7-33-97 genome has less scaffold number and longer N50 [28] . Totally 30 200 functional genes were annotated from 43 791 predicted genes. The HeveaDB uses the CATAS7-33-97 genome as the reference. 
Germplasm data collection
Besides the nucleotide data, the HeveaDB database also stored rubber tree germplasm data. Totally 5,049 IRRDB 1981' wild germplasm accession phenotypic data and 18,328 Wickham rubber clone's information were deposited. IRRDB 1981' wild germplasm data was collected from the National Germplasm Garden of Rubber Tree (Danzhou, Hainan) [27] , while the Wickham rubber clone's information was collected from the internal circulated publications and publicly published literatures elsewhere.
Gene expression analysis
Ninety-nine transcriptomes were mapped to reference genome (Reyan7-33-97) with tophat2 [31] , and the FPKM values of each gene were extracted. The 99 transcriptomes belong to 74 samples, some of which have 2 or 3 biological replicates (Supplemental Table 1 ). The expression value for the samples with biological replicates were calculated from the means, while the value for the samples without replicate was taken from the transcriptome directly. A gene expression matrix was then obtained and used for expression display and co-expression network construction.
Co-expression network construction
A WGCNA (weighted gene co-expression network analysis) co-expression network [32] was constructed from gene expression data of 74 samples used in expression visualization module. The Pearson's coefficient threshold value was set as >0.3 to build the network. Some of the genes have too many near nodes, which make the network too complicated to be recognized. We therefore only display the top 20 nodes in the co-expression network. The information of target node genes is also displayed below the network.
Database construction
The 
Results and Disccussion
An intergrated genomic database for rubber tree study The transcriptomes were analyzed and the gene expression are presented as heatmap and digital FPKM formats. A co-expression network was constructed to show possible correlation between genes; 4, The HeveaDB has a mechanism to receive and share data from rubber tree community under the framework of IRRDB.
Database structure and organization
The database has 5 major functional modules: Data, Search, Tools, Download and Submit (Figure 1) . To enable the researcher to explore the rubber tree genome data in a friendly interface, a drop-down menu was provided to access the functions at the upper part of the homepage. A quick search box is presented in the top-right of the page for searching the genes and germplasms.
Gene page
Detailed info of each gene is displayed in a compiled gene page. The info includes: ID, loci, structure, expression heatmap, co-expression network, sequences (genomic sequence, transcripts, CDS and deduced peptide), gene annotations ( Figure 2 ).
Besides the sequence of CDS and deduced peptide, the up-and down-stream sequences (promoter, terminator etc.) can also be retrieved by entering the numbers to be shown in the genomic sequence panel. The gene pages can be accessed through hyperlinks elsewhere in the HeveaDB database.
Genome browser
The reference genome from CATAS7-33-97 clone is visualized in the Gbrowse and Jbrowse respectively (Figure 3 ). Each gene is linked to its detail information page by clicking the gene names in the browser (Figure 2 ). The Gbrowse detail page includes the following basic information of this gene: name, position in the scaffold, length, CDS parts, and sequence. The Jbrowse detail page is showed in a popup window. The primary data and attributes of a gene are displayed, including name, position, length, and region sequences and their sub-features. The default scaffold in the genome browsers is scaffold0001, the user can shift to view particular scaffold by entering the name in the searching form.
Data search systems
Six types of searching system were provided in HeveaDB (Table 2) : gene search, marker search, germplasm search, gene expression search, and sequence homology search (blast and blat). Gene search utilized ID or annotation as keywords to search the functional annotated genes in rubber tree. The genes can be viewed in a compiled gene page, which includes the general gene information, genes structure, gene expression, co-expression network, gene sequences (including CDS and deduced peptide), and annotation (Figure 4 ). The gene structure was extracted from genome annotation and viewed in the Gbrowse, while the expression of this gene in 74 samples is displayed as heatmap. The rubber genetic map can also be searched by linkage group or marker name ( Figure 5 ). Since there are limited markers in HeveaDB, the markers can also be browsed by clicking the linkage group names at the left side.
In gene expression searching system, up-to 20 gene ID can be investigated once.
Users can also narrow down the sample numbers through the check boxes which are arranged by clones, tissues and treatments. The expression results are displayed as heatmaps or FPKM values according to the user's needs ( Figure 6 ). The blast and blat programs were incorporated to provide homology search against genome, CDS and protein sequences (Figure 7 ). Finally, the information of the Wickham and IRRDB1981 wild germplasm can also be retrieved by search the clone names or germplasm accession (Figure 8 ). For the Wickham clones, the breeding organism, country, parentages and obtention year are displayed, while for the wild germplasms, both the quantitative (two types of latex yields) and qualitative traits (Girth increment, pulvinus groove, petiolule length, nectary shape, leaf shape, leaf margin, leaf base, leaflets separation, latex color, sprouting stage, defoliation stage and latex yield evaluation) data are displayed ( Figure 8 ).
Other pages
Other data and information, including data submission instructions, are also incorporated in the HeveaDB database. IRRDB information pages, which provide basic descriptions about this database and IRRDB community.
Perspectives and concluding remarks
The fast proceeding of sequencing technology greatly benefits the genome study in Table 2 ). To make HeveaDB easier to access and more powerful to employ, further improvement will be conducted. With the progress on rubber tree genome study, the data will be updated periodically. More functions will be developed to facilitate post-genomic study analysis online. Now the rubber community has began to implement the resequencing project of Hevea germplasm. The HeveaDB will focus on the data collection of both genomic and phenomic data, and to establish a platform for the potential new discoveries for genomic studies and breeding technology in rubber tree. 
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